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FOREWORD 


This  report  summarizes  the  findings  of  close- 
coupled  canard  research  performed  by  the  Aviation 
and  Surface  Effects  Department  of  the  David  W. 

Taylor  Naval  Ship  Research  and  Development  Center. 
The  work  was  performed  between  1970  and  1974  and  was 
funded  by  the  Naval  Air  Systems  Command  (AIR  320). 
The  purpose  of  the  report  is  to  provide  a summary  of 
the  aerodynamic  findings  obtained  from  a series  of 
wind  tunnel  evaluations  involving  three  general  re- 
search models  and  the  F-4  aircraft.  The  report  is 
presented  in  four  volumes— Volume  1:  General 
Trends;  Volume  2:  Subsonic  Speed  Regime;  Volume  3: 
Transonic-Supersonic  Speed  Regime;  and  Volume  4: 

F-4  Phantom  II  Aircraft. 
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ABSTRACT 
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An  analysis  of  che  effects  of  canard  size,  shape, 
position  and  deflection  on  the  aerodynamic,  character- 
istics of  Lwo  general  research  models  having  leading 
edge  sweep  angles  of  25  and  50  degrees  is  presented. 
The  analysis  summarizes  the  findings  of  four  experi- 
mental subsonic  wind-ti.mr.al  programs  conducted  at  the 
David  W.  Taylor  Ship  Research  and  Development  Center 
between  1970  and  1974.  The  analysis  is  based  on  four 
canard  geometries  varying  in  planform  from  a 60-degree 
delta  to  a 25-degree  swept  wing  high  aspect  ratio 
canard.  The  canards  were  located  at  seven  different 
positions  and  deflected  from  -10  to  25  degrees. 

Significant  findings  include:  the  excellent  cor- 
relation between  canard  exposed  area  ratio  and  changes 
in  lift,  drag,  and  pitching  moment;  the  detrimental 
effect  of  positive  canard  deflection;  and  the  optimum 
longitudual  position  for  each  canard  shape  for  maxi- 
mum improvements  in  lift  and  drag.  It  is  further  con- 
cluded that  the  favorable  aerodynamic  changes  caused 
by  interference  of  the  close-coupled  canard  are  not 
significantly  dependent  on  wing  leading  edge  sweep  or 
wing  Leading  edge  modifications. 


ADMINISTRATIVE  INFORMATION 
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This  work  was  undertaken  by  the  Aircraft  Division  of  the  Aviation  and 
Surface  Effects  Department  of  the  David  W.  Taylor  Naval  Ship  Research  and 
Development  Center.  The  program  was  sponsored  by  the  Naval  Air  Systems 
Command  (AIR  320)  and  was  funded  under  WF  41432-09,  Work  Unit  1600-078. 


INTRODUCTION 

This  is  the  second  volume  of  a four-volume  report  summarizing  the 
close-coupled  canard  work  accomplished  at  the  David  W.  Taylor  Naval  Ship 
Research  and  Development  Center  between  1970  and  1974.  This  volume  summa- 
rizes the  findings  of  a series  of  wind-tunnel  programs  conducted  at  subsonic 
speeds. 

Volume  1 of  this  report  presented  the  general  trends  of  close-coupled 
canards  on  aircraft  of  low  to  moderate  wing  sweep.  It  was  shown  that  close- 
coupled  canards  can  significantly  improve  stall  angle  of  attack,  increase 
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the  maximum  Lift  coefficient,  and  reduce  drag.  The  extent  to  which  these 
improvements  occur  is  a function  of  canard  size,  shape,  position,  and  de- 
flection. These  variables,  as  well  as  the  influence  of  wing  leading  edge 
modifications,  are  discussed  in  detail  in  this  volume. 

The  discussion  is  based  on  four  wind-tunnel  programs  conducted  in  the 
DTNSRDC  8 x 10  foot  subsonic  wind  tunnel.  Two  general  research  models  were 
utilized  in  this  program.  The  models  had  leading  edge  Bweep  angles  of  25 
and  50  degrees.  Sketches  of  the  models  are  shown  in  Figure  1.  Four  canards 


of  different  planform  wore  evaluated.  The  shapes  were  a 45-degree  clipped 

delta  designated  Cq,  a 60-degree  pure  delta  C^,  a 45-degree  high  aspect 

ratio  canard  C,,  and  a 25-degree  canard  C , as  Bhown  in  Figure  2.  In  addi- 
i * J 
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Figure  3 - Geometrically  Similar  Canards 

The  models  have  seven  positions  at  which  the  canards  can  be  located 
(see  Figure  4).  Positions  are  numbered  from  fore  to  aft  and  top  to  bottom. 
Position  1 is  the  highest,  most  forward  and  position  7 is  the  lowest  posi- 
tion. Deflection  range  varied  from  -10  to  25  degrees.  Detailed  dimensions 
of  the  models,  canards,  and  positions  are  given  in  the  Appendix. 

NOTE:  ALL  DIMENSIONS  ARE  IN  INCHES  (CENTIMETERS) 


Figure  A - Canard  Positions 
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The  discussion  is  organized  into  major  topics  of  lift,  pitching  moment, 
and  drag.  Subtopics  include  the  effect  of  canard  size,  shape,  position, 
deflection,  and  wing  leading  edge  changes.  The  data  are  primarily  pre- 
sented as  Incremental  changes  in  lift  and  pitching  moment  due  to  the  above 
parameters.  Drag  is  presented  primarily  as  lift-to-drag  ratio  at  constant 
lift  coefficient.  Data  for  both  25-  and  50-degree  wings  are  presented  to 
indicate  that  the  favorable  effects  of  close-coupled  canards  are  applicable 
to  aircraft  of  relatively  arbitrary  wing  planforms. 


Typical  variation  of  lift  coefficient  with  angle  of  attack  for  the 
25-  and  50-degree  wing  are  presented  in  Figure  5.  Data  are  shown  for  three 
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50  DECREE  WINO 


25  DECREE  WING 


<1,  ANGIE  OF  ATTACK  (DEGREES! 

Figure  5 - Typical  Lift  Characteristics 

canard  shapes!  a 60-degree  delta,  a 45-degree  high  aspect  ratio  canard, 
and  a 25-degree  high  aspect  ratio  canard.  For  all  configurations  there  1b 
a sizeable  increase  in  lift  when  the  canard  is  installed  to  the  basic 
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wing-body.  The  increase  in  lift  varies  somewhat  with  the  particular  canard 
size,  shape,  position,  and  deflection.  These  differences  in  lift  are  dis- 
cussed in  the  following  sections. 


SIZE 

1* 

One  of  the  prime  variables  of  the  first  canard  wind  tunnel  program 
conducted  at  DTNSRDC  was  the  effect  of  canard  size  on  the  aerodynamic  char- 
acteristics of  the  50-degree  research  model.  Four  geometrically  similar 
canards  having  projected  urea  ratios  of  0.10,  0.15,  0.20,  and  0.25  were 
evaluated.  Relative  sizes  of  each  canard  are  shown  in  Figure  3.  Data  from 
this  wind  tunnel  evaluation  were  limited  to  an  angle  of  attack  of  20  de- 
grees. The  variation  of  lift  coefficient  at  20  degrees  is  presented  in 
Figure  6 for  seven  canard  positions. 


u to  o ib  u id  cas 


Figure  6 - C versus  Canard  Exposed  Area  Ratio 
U20 


A complete  listing  of  references  is  given  on  page  101. 
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The  effect  on  canard  size  varied  somewhat  with  canard  position.  At 
those  positions  where  tile  canard  is  fairly  close  to  the  wing,  P^,  P^,  P^» 

P^ , there  is  a dLstlnct  curvature  to  the  data,  however,  as  the  canard  is 

moved  Further  forward  the  variation  of  C with  size  becomes  linear. 

'20 

Little  favorable  effect  would  be  expected  because  the  interference  is  mini- 
mized. Included  in  the  figure  is  the  value  of  the  lift  coefficient  for 
the  0.25  canard  and  wing  body  if  no  interference  were  present. 

Comparison  between  this  value  and  the  data  shows  favorable  interfer- 
ence for  the  high  canard  locations  (P^,  P^,  P^),  and  unfavorable  inter- 
ference when  the  canard  is  in  the  plana  of  the  wing  (P.,). 

SHAPE 

Incremental  lift  is  presented  in  Figure  7 for  the  various  canard 
shapes.  The  canard  location  is  position  P^  for  all  four  canard  shapes. 

As  stated  in  Volume  1,  P^  was  near  optimum  for  all  canard  shapes.  The 
figure  is  for  both  25-  and  50-degree  research  models  and  contains  isolated 
data  for  each  canard  shape. 

The  most  significant  conclusion  which  can  be  drawn  from  the  figure 
is  that  the  large  difference  in  incremental  lift  between  25-  and  50-degree 
wing  configurations  is  in  the  angle  of  attack  range  between  12  and  28  de- 
grees. This  difference  Ls  attributable  to  the  poor  stall  characteristics 
at  the  25-degree  wing. 

A comparison  between  the  canard-off  characteristics  of  the  two  con- 
figurations is  given  in  Figure  8.  The  25-degree  wing  configuration  ex- 
hibits as  expected  a higher  lift  curve  slope  than  the  50-degree  configura- 
tion but  the  stall  angle  of  attack  is  only  10  degrees  for  the  25-degree 
wing  versus  20  degrees  for  the  50-degree  wing. 

'Hie  favorable  interference  between  canard  and  wing,  therefore,  delays 
stall  at  a lower  angle  of  attack  for  the  25-degree  wing. 

rills  reduction  in  angle  of  attack  due  to  favorable  interference  is 
clearly  seen  in  the  low  cross-over  point  between  the  Isolated  canard  data 
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Figure  7 - Incremental  Lift  Characteristics  of 
the  Various  Canard  Shapes 
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Figure  8 - Lift  Characteristics  of  25-  and  50-  Degree  Wing  Models 


and  the  complete  configuration.  Favorable  interference  occurs  at  approxi 
inately  12  degrees  for  the  25-degree  wing,  whereas  favorable  interference 
doeH  not  occur  until  the  angle  of  attach  reaches  approximately  16  to  20 
degrees  for  the  50-degroe  wing.  It  can  be  said  that  the  poorer  the  wing 
design,  the  more  the  canard  can  help. 


Examination  of  the  datu  with  regard  to  the  Individual  canard  shape 
indicates  that  the  60-degree  delta  canard  0^  maximizes  the  increase  in  lift 
for  both  wings.  The  60-degree  canard  is  closely  followed  by  the  45-degree 
high  aspeet  ratio  canard  0^  and  the  45-degree  clipped  delta  C . 

The  low  sweep  canard  exhibited  the  lowest  incremental  lift  for  the 
25-degree  sweep  model,  and,  in  fact,  the  canard  appears  to  have  stalled  at 
approximately  20-degree  angle  of  attack. 

Incremental  lift  for  the  low  sweep  canard  is  approximately  the  same 
us  the  other  canards  for  the  50-degree  wing  model,  It  thus  appears  that 
while  low  sweep  canards  are  inadequate  for  the  low  sweep  wing,  the  low 
sweep  canard  does  delay  separation  sufficiently  for  the  wing  of  higher 
sweep  if  located  at  the  proper  position,  The  effect  of  position  change 
on  incremental  lift  for  the  various  canard  shapes  and  the  two  wing  sweeps 
is  discussed  in  the  next  section. 

POSITION 

Incremental  lift  versus  angle  of  attack  is  presented  in  Figure  9 for 

2 

both  25-  and  50-degree  sweep  research  models.  Data  are  presented  for 
seven  positions  for  the  50-degree  model  and  three  positions  for  the  25- 
degree  model.  The  data  are  for  the  four  canard  configurations  at  zero 
degrees  canard  deflection. 

Incremental  lift  was,  in  general,  maximized  at  28-degrees  angle  of 
attack  for  the  canards  on  the  50-degree  model  and  between  20-  and  24- 
degrees  angle  of  attack  for  the  25-degree  model. 

The  variation  of  maximum  incremental  lift  with  canard  position  is 
shown  in  Figure  10,  The  Interference  free  value  of  canard  lift  at  the  cor- 
responding angle  of  attack  for  each  position  are  alBO  shown  in  the  figure. 

For  all  configurations,  as  the  canard  was  moved  to  the  most  forward 
position,  Hc/c  ~1.5  for  the  50-degree  wing,  ^c/c  1.50  for  the  25-degree 
wing,  the  maximum  incremental  lift  dropped  off.  Similarly,  lowering  the 
canard  reduced  maximum  incremental  lift.  The  only  exceptions  to  the  latter 
statement  were  the  low  sweep  25-degree  canard  C^,  and  the  high  aspect  ratio 
45-degree  canard  G^.  Canard  had  an  increase  in  maximum  lift  at  the  low- 
est, most  aft  position  for  both  25-  and  50-degree  wing  models.  Similarly, 
lift  was  maximized  at  for  the  a5-degree  high  aspect  ratio  canard  C,,- 
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Kxamin.it  inn  of  the  data  relative  to  the  interference  free  value  indi- 
cates that  the  incremental  lift  is  approximately  double  that  of  the  inter- 
ference free  lift,  if  the  canard  is  properly  located.  Improper  location, 

i.e.,  too  far  forward  or  too  low,  reduces  the  value  of  the  incremental  lift 
to  approximately  1 1/2  times  the  interference  free  value. 

The  value  of  incremental  lift  obtained  is  approximately  the  same  for 
both  25-  and  50-degree  research  models  for  properly  located  canards.  The 
only  exception  is  the  45-dogree  high  aspect  ratio  canard  which  had  signifi- 
cantly higher  values  of  incremental  lift  when  mounted  on  the  25-degree 
research  model. 

The  data  presented  in  Figure  10  are  not  at  a constant  angle  of  attack, 
hence,  they  do  not  represent  the  maximum  lift  coefficient  obtained  by  the 
complete  configuration.  The  angle  of  attack  where  maximum  lift  for  the 
complete  configurations  occurred  was  generally  at  32  degrees.  Figure  11 
presents  the  canard  incremental  lift  at  32  degrees  versus  Lanard  position, 
thus  also  showing  the  influence  of  canard  placement  on  the  maximum  lift 
coefficient.  Included  In  each  figure  is  the  interference  free  lift  for 
each  canard  shape.  In  Figure  10,  the  incremental  lift  was  always  greater 
than  the  interference  free  lift.  This  is  not  the  case  at  32  degrees,  par- 
ticularly for  the  50-degree  research  model.  For  all  but  the  60-degree 
delta  canard  C^,  there  are  canard  locations  where  the  incremental  lift  is 
less  than  what  would  be  obtained  from  the  interference  free  value,  thus 
indicating  unfavorable  interference.  The  onset  of  this  unfavorable  inter- 
ference occurs  at  ijc  of  approximately  1.4  for  canards  Cq  and  and  ap- 
proximately IJ c of  1.2  for  canard  C^.  Lowering  the  canard  further  moved 
the  intersection  point  aft  and  reduced  the  lift. 

The  trends  for  the  25-d’gree  research  model  are  similar  to  those  of 
the  50-degree  model,  although  the  only  intersection  point  noted  is  for  the 
25-degree  canard  C2>  This  intersection  point  occurs  at  approximately  the 
same  l / c value  as  that  of  the  50-degree  wing  model. 
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Figure  lia  - Lift  on  50-Degree  Wing 


•1 


// 

A!. 


N 


0.76  1.00  1.25  1.50  0.75  1.00  1.26  1.50  0.75  1.00  1.25  1.50  0.75  1.00  1.26  1.50 

Vc/E  VE  V,/*  V«/c 

Figure  lib  - Lift  on  25-Degree  Wing 
Figure  11  - Incremental  Lift  at  32-Degree  Angle  of  Attack 
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DEFLECTION 


Canard  deflection  has  direct  influence  on  the  maximum  lift  generated. 
This  influence,  either  favorable  or  unfavorable,  is  dependent  on  canard 
position  and  size. 

The  variation  of  lift  coefficient  at  20-degree  angle  of  attack  are 
presented  in  Figure  12  for  tile  four  sizes  of  the  45-degree  truncated  delta 
canard  C„.  In  general  at  low  deflection  angles,  5 £ 10  degrees,  there  is 
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little  cliunge  in  the  lift  coefficient  for  all  positions  and  sizes. 


As  de~ 


flection  is  increased  different  trends  occur.  The  smaller  canards  S /S  ■ 

c w 

0.10,  and  0.15  located  in  the  high  positions  P^,  P^  exhibit  little 
change  In  lift  coefficient  with  increasing  deflection  angle.  As  the  canard 
size  is  increased  or  moved  closer  to  the  wing,  there  is  a decrease  in  lift 
coefficient  with  increasing  deflection  angle.  This  reduction  in  lift 
occurs  primarily  at  P,  and  P_  for  the  smallest  canard  S /S  ■ 0.10,  and 

u / C W 

Positions  3,  6 and  7 for  larger  sizes.  Thus,  for  canards  which  might  be 
used  for  control  purposes,  i.e.,  removed  from  the  wing,  there  is  little 
lift  loss  due.  to  the  canard.  Canards  which  are  located  close  to  the  wing, 
however,  exhibit  lift  losses  with  increasing  deflection  angle.  The  previ- 
ous discussion  is  based  on  data  at  20-degree  angle  of  attack.  At  higher 
angles  of  attack  it  should  be  remembered  that  when  the  canard  is  moved 
longitudinally  away  from  the  wing  the  likelihood  of  canard  stall  increases 
and,  thus,  the  above  discussion  is  not  likely  to  hold. 

The  effect  of  canard  deflection  on  the  incremental  lift  characteristics 
of  the  four  different  canard  shapes  is  presented  in  Figure  13  for  both  25- 
and  50-degree  research  models.  Data  are  presented  for  canard  deflection 
angles  of  ;+  10,  + 5,  and  0 degrees  for  the  50-degree  wing  and  0 and  -10 
degrees  for  the  25-degree  wing  model.  Canard  positions  represented  are 

Positions  3 and  6 (i  /c  ~ 1.0). 

c 

Canard  deflection  has  little  effect  on  the  incremental  lift  character- 
istics at  low  angle  of  attack  and,  as  reported  in  Volume  1,  C is  approxl- 

mately  1/2  C of  the  isolated  canard.  At  higher  angles  of  attack  distinct 
a 

differences  Iti  incremental  lift  appear  as  shown  in  Figure  14  for  the  case 
of  32-degree  nngLe  of  attack.  Examination  of  the  figure  reveals  the  large 
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Figure  13fc  - Canard  C 


dependence  of  position  on  lift  at  equal  canard  deflection  angles.  This  is 
seen  moat  clearly  for  the  60-degree  delta  canard  and  for  both  25-  and 
50-degreo  models.  When  the  canard  Is  at  the  low  position  P^,  positive  de- 
flections cause  a severe  Lift  loss  and  negative  deflections  cause  a lift 
gain.  Similar  trends  occur  for  both  the  high  aspect  ratio  canards  and 
on  the  50-degree  wing  modal. 

Figure  15  utilizing  the  data  from  Figure  14  presents  Incremental  lift 
versus  the  cannrd  trailing  edge  gap  measured  between  the  wing  upper  surface 
and  the  canard  trailing  edge.  The  gap  was  made  nondimensional  with  respect 
to  projected  canard  span. 


^T^otnird 

Figure  15  - Variation  of  A Ct  with  Cnnurd-Wlng 
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Vertical  Cap 

Without  taking  into  account  differences  in  canard  Lift  curve  slope,  a 
pattern  of  incremental  lift  versus  gup  height  can  be  seen  which  is  somewhat 
similar  to  a ground  effect  plot  albeit  in  an  invested  sense.  In  true 
ground  effect,  CL  Increases  with  respect  to  proximity  to  the  ground.  In 
the  case  of  the  canard,  close  proximity  of  the  canard  to  the  wing  causes 
a lift  loss, 
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By  taking  the  Incremental  moment  data  presented  in  a later  section  at 
the  same  angle  of  attack  and  dividing  by  the  correspond  lng  Incremental 
lift,  Figure  lb  has  been  developed. 


Figure  16  - Variation  of  AC^/ACj  with  Canard-Wing  Vertical  Gap 
It  is  aeen  that  ut  gap  ratios  greater  than  0.1  the  ratio  ACU/AC-  is 

M Tj 

approximately  i which  is  where  the  canards  are  located,  i.e.,  Jl/c  • 1. 
However,  ns  gap  height  Is  decreased  AC^/ACj  moves  rapidly  forward  indicat- 
ing that  the  eunurd  is  very  highly  loaded  (typical  of  ground  effect)  and 
the  wing  is  unloading.  This  behavior  of  the  wing  Is  perhaps  due  to  the 
canard  downwash  having  an  unfavorable  effect  un  the  lift.  It  thus  appears 
that  for  good  high  angle  of  attack  characteristics  the  canard  should  be  at 
least  0.10  canard  spans  above  the  wing  plane. 


WING  LEADING  EDGE  CHANGES 


Tlie  research  models  utilized  In  the  previous  discussions  had  symmetri 
cal  leading  edges  and  the  normal  lend  I up  edge  radius  associated  with  the 
tabAOOS  airtoil.  it  is  well  known  that  increases  in  performance  can  be  ob- 
tained by  suitable  changes  in  wing  leading  edge  radius  or  droop.  In  order 
to  examine  the  effect  of  such  changes  on  the  aerodynamic  characteristics, 
three  radius  changes  and  four  leading  edge  droops  were  evaluated  on  the 
50-degree  model.  Details  of  the  radius  changes  and  droops  are  given  In 
Figure  17. 


LEADING  EDGE  DROOP  LEADING  EDGE  RADIUS 

(RADIUS  » Ri ) (DROOP  » 0 DEGREE) 
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Figure  1.7  - Geometry  of  Wing  Lending  Edge  Droops  and  Radii 
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Lift  vcrsiiH  angle  nf  attack  is  presented  in  FLgure  18  for  the  50- 
degree  wing  both  with  and  wiLhout  the  i-anurd  lor  the  varying  radius  and 
droops.  The  canard  Is  the  45-degree  truncated  delta  C^  located  at  position 
I’  and  0 degree  del leet  Ion.  As  can  be  seen  111  the  1 Jgnre,  neither  radius 
change  nor  droop  causes  any  appreciable  change  in  lift  for  either  canard-on 
or  -off  configurations. 
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Figure.  L8a  - Droops 
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Figure  18b  - liadiuB 


Figure  18  - Effect  of  Wing  Leading  Edge  Droop  and 
Radius  on  f.lft  Characteristics 
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'I'ti  Is  lack  of  change  was  not  the  case  for  the  25-degree  research  model 
as  shown  in  Figure  14,  In  tin.*  case  of  the  25-degree  model,  the  -9-degree 
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Figure  19  - Lift  Character  1st.  Irs  of  25-Degree  Model  Modified 
with  -9-l)egree  Wing  heading  Kdge  Droop 


droop  delays  stall  hy  approximately  4-degree  angle  of  attack  and  Improves 
the  maximum  lift  coefficient  hy  0.24.  The  effect  of  adding  the  canard  to 
the  modified  model  Is  presented  Jn  Figure  19.  Data  are  presented  for  the 
60-degrcc  delta  canard  C|  located  at  and  0 degree  deflection.  Incre- 
mental lift  versus  angle  of  attack  for  the  baseline  and  -9-degree  droop 
models  is  presented  In  Figure  20  for  the  60-degree  canard  at  Positions  1 
and  b for  deflections  of  0 and  -10  degrees. 

Better  stall,  character  I st  ic.s  of  the  wing,  mod  1 1 led  with  tlu>  -9-degree 
droop,  delays  the  effect  of  the  canard  by  approximately  4-degroo  angle  of 
attack.  Au  angle  of  attack  Is  increased  beyond  stall  angle  of  attack;  the 
value  of  Incremental  lift  is  approximately  the  same  or  slightly  higher  for 
the  modified  wing.  It  Is  thus  seen  that  as  the  basic  wing  character lal  Ich 
are  Improved  the  Influence  of  the  canard  Is  delayed  to  higher  angles  of 
at  I nek. 


3 4 8 12  16  20  24  28  32 


a,  ANGLE  OF  ATTACK  (DEGREES) 

Figure  20  - Incremental  Lift  due  to  Canard  for  Basic  and 
-9-Degroe  Droop,  25-Degree  Wing  Model 


PITCHING  MOMENT 

The  variation  of  pitching  moment  with  angle  of  atcack  is  presented  in 
Figure  21.  The  data  are  for  the  same  three  canard  geometries  and  positions 
as  those  presented  in  Figure  5 of  the  section  of  lift,  mainly,  the  60- 
degree  delta,  and  the  45-degree  and  25-degree  sweep  high  aspect  ratio  on 


Figure  21  - Typical  Pitching  foment  Characteristics 


canards.  As  with  lift,  differences  occur  due  to  canard  shape.  The  data, 
however,  indicate  a fairly  linear  variation  of  pitching  moment-  over  the 
angle  of  attack  range  when  the  canards  are  installed.  The  Influence  of 
size,  shape,  and  position  on  pitching  moment  are  discussed  in  this  section. 

Examination  of  the  data  presented  in  Figure  21  indicates  that  the 
pitching  moment  behavior  of  the  basic,  wing-body  Is  not  linear.  This 
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nonlinear  behavior  is  most  pronounced  for  the  50-degree  sweep  wing  model. 
To  determine  the  effect  of  the  canard,  incremental  pitching  moments 
wlLl  be  used  almost  exclusively  in  the  following  discussion.  The  basic 
data  from  which  these  incremental  moments  have  been  obtained  can  be  found 
in  the  references. 


SIZE 


The  influence  of  canard  size  on  pitching  moment  at  zero  lift  Cu  is 

M0 

presented  in  Figure  22.  Shown  is  Cu  versus  deflection  for  canard  pro- 

M0 

jected  area  ratios  S / S from  0.10  to  0.25.  As  indicated,  the  increase 
c w 

in  moment  with  deflection  is  reasonably  linear  for  each  canard  position 
and  size. 

Figure  23  presents  zero  lift  pitching  moment  at  10-degree  deflection 
versus  canard  area  ratio  at  Positions  1 and  3.  As  shown,  the  data  do  not 
intercept  the  zero  value  at  zero  canard  size,  therefore,  indicating  that 
the  canard  projected  area  ratio  is  too  large  a parameter  for  good  agree- 
ment. The  data,  when  plotted  versus  canard  exposed  area  ratio,  converge 
to  zero  at  zero  canard  size  as  indicated  in  Figure  24.  Data  are  presented 
for  each  of  the  seven  canard  positions  evaluated  and,  as  shown,  linear 
fits  of  the  data  are  obtained  at  each  position.  As  expected,  moving  the 
canard  forward  increases  the  pitching  moment;  not  so  axpectod  is  the  fact 
that  lowering  the  canard  reduces  the  magnitude  of  the  pitching  moment 
change. 

The  data  from  Positions  1,  2,  and  3 have  been  plotted  versus  canard 
exposed  volume  coefficient  and  are  presented  in  Figure  23,.  Canard  volume 

coefficient  is  defined  as  H /c  * S /S  , where  & is  measured  from  the  0.27 

c c w r. 

e 

c position  of  the  wing  to  the  40  percent  exposed  root  chord  of  the  canard. 

The  variation  in  Cu  with  exposed  volume  coefficient  is  linear  as  shown. 

M0 

The  forward  shift  in  neutral  point  due  to  canard  size  is  presented  in 
Figure  26.  The  parameters  chosen  are  incremental  moment  slope  evaluated 
at  zero  lift  versus  canard  exposed  volume  coefficient.  Datu  ere  presented 
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Figure  25  - Zero  Lift  Pitching  Moment  Variation 
with  Canard  Exposed  Volume  Coefficient 


Figure  26  - Neutral  Point  Shift  Variation 
with  Canard  Exposed  Volume  Coefficient 


at  0-  and  10-degree  canard  deflection.  The  variation  of  3(ACM)/9C^  is 

linear  for  both  deflection  angles  and  ranges  from  a forward  shift  of  0.04  c 

for  the  smallest  canard  tested  at  the  aft  position  (Jl  /c  - 1,  S c / ■ 0.1) 

to  a shift  of  0,20  r for  the  largest  canard  at  the  most  forward  position 

(S,  /c  - 1.5,  S /S  0.25). 
c c w 


34 


SHAPE 


Thu  variation  ot  incremental  moment  with  canard  shape  is  shown  in 
Figure  27.  Data  are  presented  for  the  four  canard  shapes  located  at  for 
both  25-  and  50-degree  sweep  models.  Included  on  each  figure  are  the  val- 
ues for  each  Isolated  canard  shape  at  P^. 

As  with  incremental  lift,  the  most  significant  changes  noted  are  the 
early  differences  between  the  25-degree  data  and  the  isolated  data.  This 
is  undoubtedly  due  to  the  early  stall  of  the  25-degree  wing. 

At  low  angles  of  attack  the  incremental  moment  has  the  same  value  and 
slope  as  that  of  the  isolated  canard  data  for  the  four  canard  shapes  and 
both  wings,  thus  indicating  little  if  any  upwash  effects  due  to  the  wing. 

As  angle  of  attack  is  increased,  significant  differences  occur  primarily  in 
magnitude.  This  is  due  to  the  fact  that  the  canard  is  delaying  stall  over 
the  root  position  of  both  wings.  Thus,  the  center  of  pressure  has  moved 
inboard  and  forward  for  each  wing  thereby  generating  increased,  nose-up 
moments. 

Comparison  between  the  incremental  and  Isolated  canard  data  indicates 
reasonable  agreement  between  the  slopes  and  general  shape  of  the  curves  for 
each  canard  shape— most  notably  for  the  25-degree  Bweep  model.  For  example, 
the  isolated  25-degree  high  aspect  ratio  canard  has  a stall  at  angles  of 
attack  between  12  and  16  degrees}  similarly,  the  incremental  data  indicate 
a reduction  in  slope  in  this  angle  of  attack  region.  Reductions  in  slope 
are  also  evident  for  both  the  45-degree  high  aspect  ratio  canard  C 2 and  the 
45-degree  truncated  delta  canard  and  these  reductions  occur  for  both 
isolated  and  incremental  data.  No  reduction  in  slope  is  evident  for  the 
60-dcgree  canard  isolated  data  and  no  reduction  is  seen  for  the  incremental 
data. 

It  is  thus  apparent  that  the  general  shape  of  the  incremental  moment 
curve  is  the  same  as  that  of  the  isolated  surface. 

POSITION 

Incremental  moment  versuH  angle  of  attack  is  presented  in  Figure  28 
for  seven  positions  for  the  50-dugrue  wing  model  and  three  positions  for 
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Figure  27  - Incremental  Moment  Variation  with  Canard  Shape 


<■,  ANGLE  OF  ATTACK  (DEGREES) 


tl>e  25-degree  wing  configuration.  The  data  are  for  the  four  canards  at  0- 
degrec  canard  deflection.  In  general.,  the  incremental  momenta  behave  as 
expected  at  low  angles  oT  attack,  that  is,  moving  the  canard  forward  in- 
creases the  Incremental  moment  for  all  configurations.  At  higher  angles 
of  attack,  the  effectiveness  of  the  forward  position  drops  off  and  the 
incremental  moment  is  often  less  than  that  generated  by  the  canards  at  fur 
ther  uft  positions.  This  is  shown  in  Figure  29  where  incremental  pitching 

Figure  29  - Variation  of  with  Canard  Position 
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Figure  29a  - Moment  on  a 50-Degree  Wing 
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F l guru  2‘Jb  - Moment  mi  a 25-Degree  Wing 


mo  mu  i it  ii  L 32— cIok*'*-’*--*  angle  of  attack  is  pruaentud.  Ah  mm  lie  seen,  hwix  l.imiin 
incremental  moment  occurs  at  the  most  forward  position  In  only  one  case, 
that  r.asu  Ini  tun  the  60-decree  delta  canard  Cj  located  In  the  highest  moat 
forward  position  I’j . Maximum  moment  In  general  occurred  at  1’^  for  moHt 
cont iguruLious . One  exception  to  the  rule  was  the  25-dugruu  high  aspect 
ratio  canard  where  maximum  moment  occurred  Ln  the  lowest  moat  aft.  posi- 
tion. It  I.h  IntoreHtlng  to  compare  the.  wlmpe  of  the  variation  of  maximum 
lift  coefficient,  with  canard  position  shown  In  Figure  10  and  the  above  vari- 
ation of  lncruinenta.1  moment.  In  belli  Instances  the  shapes  of  the  curves 
for  each  canard  are  extremely  similar.  Thus  it  appears  that  It  Is  the  ll.lt 
being  generated  by  the  canard  rather  than  the  absolute  canard  position 
which  is  the  primary  determining  fuc.tor  of  the  moment  generated. 

Returning  to  Figure  28  it  is  seen  that  the  lnrremuut.nl  pitching  moment 
slope  is  reasonably  linear  with  angle  of  attach,  up  to  angles  of  attack  of 
approximately  8 degrees.  This  variation  of  Incremental  pitching  moment 
slope  Is  presented  In  Figure  30  for  both  2'j-  and  'iO-degree  models.  In  con- 
trast with  the  moment  data  at  '32-degree  angle  of  attack,  the  variation  of 
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Ac:  bt-' ha vos  Ln  a linear  manner,  in  that  Increasing  moment  arm  increases 

‘a 

Incremental  pitching  moment  slope,  as  noted,  lowering  the  canard  reduces 
the  slope  slightly.  The  data  from  Figure  30  show  a varying  degree  of  slope 

change  with  canard  shape  as  expected,  due  to  the  differences  in  canard  lift 
curve  slope  and  canard  exposed  area.  The  data  from  Figure  30  have  been 
divided  by  the  isolated  canard  lift  curve  slope  and  plotted  in  Figure  31 
against  canard  exposed  volume  coefficient. 

The  plotted  data  fit  a straight  line  reasonably  well,  thus  indicating 
very  little  upwash  with  canard  position  and  that  the  linear  approximation 
WM) 

— r = C,  x v.,  is  reasonable  at  low  angles  of  attack. 

3 a L C 


« eiz  y-ff 

Figure  30  - incremental  Moment  Slope  Variation 
with  Canard  Position 
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Figure  31  - Correlation  of  Neutral  Point  Change  with 
Canard  Exposed  Volume  Coefficient 


DEFLECTION 

The  vaiiation  of  incremental  moment  with  canard  deflection  is  pre- 
sented in  Figure  32.  Data  are  presented  for  both  25-  and  30-degree  sweep 
models  and  the  four  canard  shapes.  The  canards  are  located  at  Positions 
3 and  6 and  the  deflection  range  is  from  -10  to  +10  degrees  for  the  50- 
degrec  model  and  -10  to  0 degroes  for  the  25-degree  model.  When  ''he  ca- 
nards are  located  In  the  high  position  P^,  there  is  little  change  in  incre- 
mental slope  throughout  the  deflection  range.  An  exception  to  this  is  the 
25-degree  high  aspect  ratio  canard  at  low  angles  of  attack.  This  canard 
has  a varying  incremental  slope  which  is  progressively  reduced  with  In- 
creasing canard  deflection.  This  reduction  in  slope  is  due  to  stall  of 
the  canard. 
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Figure  3 2d  - Canard  C.j  on  50- Dog  roe  Wing 
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FLgure  32 f - Canard  Cj  on  25-Degre.e  Wing 


!■'  1 1* urt*  12  (Continued) 


Figure  32 g - Canard  on  25-l)egree  Wing 

While  the  data  indicated  little  change  in  incremental  moment  slope 
with  deflection  at  Position  3,  this  iB  not  the  case  at  the  lower  position 
Pg.  At  this  position  the  incremental  slope  is  decreasing  with  Increasing 
deflection  angle  indicating  that  the  interference  between  canard  and  wing 
is  no  longer  favorable  or  that  the  canard  is  stalled.  This  decrease  in 
moment  is  seen  more  clearly  In  Figure  33  when  incremental  pitching  moment 
at  32-degree  angle  of  attack  is  presented  versus  canard  deflection  angle. 
At  the  high  position  P^  incremental  moment  increases  with  canard  deflec- 
tion, however,  at  the  low  position  P,  the  converse  is  true.  This  is  most 

0 

notable  for  the  60-degree  canard  C^,  and  for  the  45-degree  high  aspect 
ratio  canard  C^.  These  canards  have  a reduction  in  incremental  moment  at 
positive  deflection  angles.  Similar  trends  were  noted  for  the  incremental 
lift  at  32  degrees  due  to  deflection  presented  in  the  previous  section. 

The  incremental  lift  presented  in  Figure  14  showed  a reduction  in 
lift  of  approximately  0.28  due  to  a positive  10-degree  deflection  for  the 
60-degree  canard  at  P^.  The  incremental  moment,  however,  does  not  indi- 
cate a change  of  this  magnitude,  for,  if  all  the  incremental  lift  were  due 
to  the  canard  stalling,  the  expected  change  in  moment  would  he  AC.  * 1 /c 
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Figure  34  — Canard  Control  Power 


or  approximately  0.28.  Thus  it  appears  that  while  the  canard  may  have 
suffered  a slight  reduction  in  Lift  (hence  a reduction  in  moment.)  the  major 
loss  of  lift  L.s  on  the  wing. 

The  variation  of  control  power  Cu  , with  angle  of  attack  is  shown  in 

M6 


Figure  34  for  both  25-  and  50-degree  wing  modelB.  The  data  are  evaluated 

from  0 to  +10  degrees  and  from  0 to  -10  degrees. 

At  P,  no  significant  differences  In  Cu  occur  if  the  value  of  Cu  is 
3 M6 


computed  from  either  positive  or  negative  deflections,  although  differences 

do  occur  at  low  angles  of  attack  for  the  25-degree  sweep  canard  which, 

as  noted  is  due  to  canard  stall.  More  significant  differences  occur  at  P,. 

0 

At  Pj.,  is  higher  when  computed  with  the  negative  deflection  than  with 


positive,  thus  indicating  u possible  canard  stall.  In  general,  there  are 
only  slight  differences  in  control  power  between  the  25-  and  50-degree 
sweep  models  over  most  of  the  angle  of  attack  range. 

Control  power  wus  not  an  sensitive  to  canard  position  for  the  25- 
degree  wing  model  as  was  thr  50-degree  sweep  model.  Control  power  for  the 
25-degree  sweep  model  wus  bused  only  on  negative  deflection  and  thus  the 
influence  of  positive  deflection  is  not  known. 


WINC  L HAITI  Nil  HOC  l!  CHANCES 

The  effect  of  a -9-degroc  leading  edge  droop  on  the  25-degree  wing 
model  is  presented  in  Figure  35.  As  fur  the  previously  discussed  lift,  the 
-9-degree  droop  delays  stall  of  the  basic  wing  by  approximately  4-degreB 
angle  of  attack.  The  incremental  moments  due  to  the  canard,  presented  in 
Figure  36,  reflect  this  change  in  stall  because  in  the  region  between  8 to 
20-degree  angle  of  attack  the  canard,  louuted  on  the  normal  wing,  has  a 
slight  increase  In  incremental  moment  when  compared  with  the  drooped  leading 
edge  configuration.  This  increase  in  moment  is  not  as  large  as  that  which 
would  be  expected  from  the  incremental  lift  data,  i.e.,  AC^  ■ AC^  2,^/c, 

thus  indicating  that  the  primary  moment  change  is  due  to  delay  of  separation 
on  the  wing  rather  than  a lift  increase  on  the  canard. 


Figure  35  - Moment  Characteristics  of  Basic  25-Degree  Wing 
cand  25-Degree  Wing  with  -9-Degree  Droop 


DRAG 

The  primary  aerodynamic  influence  of  the  close-coupled  canard  is  to 
delay  separation  on  the  wingi  This  delay  in  separation  results  in  a size- 
able reduction  in  induced  drag  at  moderate  to  high  angles  of  attack.  Thin 
reduction  in  induced  drag  is  seen  quite  dramatically  in  Figures  37  and  38. 

Figure  37  presents  the  variation  of  drag  with  lift  coefficient  for 
the  60-degree  delta  canard  , the  45-degree  high  aspect  ratio  canard  , 
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FI Kure  36a  - Position  3 
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Figure  36  - Incremental  Moments  due  ta  Canard  on 
Ha  sit:  and  Modified  26 -Degree  Wing 
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Cq,  DRAG  COEFFICIENT 

Figure  37  - Typical  Drag  Character IsticH 


F; 


and  the  25-degree  high  aspect  ratio  canard  C^.  Data  are  presented  for  both 
25-  and  50-degree  sweep  models  and  the  canard  is  located  at  ?2‘  As  seen  in 
the  figure  the  canard  configured  vehicles  have  less  drag  at  lift  coeffi- 


cients of  approximately  0.3  and  0.6  for  the  50-  and  25-degree  sweep  moduLs, 
respectively.  Figure  38  presents  the  corresponding  variation  of  lift-Lo- 
drag  ratio  vertms  Lift  coefficient  for  the  data  presented  in  Figure  37.  As 


noted  in  the  figures,  there  is  a decrease  in  maximum  l.if t-to-drag  ratio 

(L/D)  when  the  canard  is  installed.  The  magnitude  of  this  reduction  in 
tnax 

(L/D)max  if)  a function  of  canard  planform,  position,  and  deflection.  The 
influence  of  tnoBe  pnrumeterB  on  lift-to-drag  ratio  and  induced  drag  will 


SIZE 


Thu  data  aval  tab  to  on  the  effect  oT  canard  size  on  drag  are  sonu'Wliat 
Limitud.  Only  ono  wiml-t  umiu  I program  at  UTNSKIK!  ova  I natod  ranard  size 
as  a parameter  and  the  angle  of  attack  was  limited  to  20  degrees,  Slgnil  1- 
cant  data  regarding  drag  was  obtained  only  with  the  two  largest  canards 
having  projected  area  ratios  of  0,20  and  0.25.  Certain  trends,  however, 
can  be  obtained  from  these  data.*  The  first  trend  noted  is  the  behavior 
of  the  drag  developed  on  the  eunard  due  to  deflection  at  zero  lift  coeffi- 
cient. Figure  39  presents  this  variation  of  drag  versus  deflection  for  the 

two  canard  sizes.  As  Indicated  in  the  figure,  rhe  shape  of  (1.  versus  de- 

U0 

flection  Is  approximately  parabolic  in  shape  suggesting  that  the  data  may 

.2,2 


be  analyzed  in  the  form  of  0 


0 


C 


i>,  n + Ki  v d ‘ 
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Utilizing  the  zero  lift  moment  data  clue  to  deflection  and  dividing  by 
the  corresponding  canard  distance  ratio,  C.  6 lias  been  obtained.  Thu  vnri- 

2 S 

atlon  of  Cj^  with  (C^  iS)  is  presented  in  Figure  AO.  Data  have  been  refer- 


enced to  the  canard  exposed  area.  For  up  to  approximately  1.5  degrees  de- 
flection, the  data  approximates  n linear  fit.  At  deflection  angles  greater 
than  15  degrees,  the  slope  becomes  steeper  indicating  canard  stall.  It 
thus  appears  that  as  with  the  incremental,  lift  and  moment,  drag  due  to  the 
canard  is  a function  primarily  of  exposed  area  ratio  rather  than  total  area 
ratio,  This  is  further  verified  by  Figure  41,  which  presents  the  variation 
of  aircraft  lift-to-drug  ratio  at  u lift  coefficient  of  1,0  versus  exposed 
area  ratio.  As  shown,  the  change  is  linear  ulbeit  based  on  only  throe  data 
points.  Data,  however,  from  the  F-4  aircraft  where  canard  exposed  rat  low 
of  0.05  and  0,10  were  evaluated  also  exhibit  this  increase  in  1 1 f t-to-ilrng 
ratio  with  canard  exposed  area  ratio.  Thus,  for  at  .Least  up  to  20-degroe 
angle  of  attack,  a linear  increase  in  1 if t-to-drag  ratio  with  canard  ex- 
posed area  ratio  appears  to  bo  valid. 
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SHAPE 


The  effects  of  canard  shape  on  maximum  lift-to-drag  ratio  (I./D)  and 
lift-to-drag  ratio  at  lift  coefficients  of  0.6,  0.8,  and  1.2  are  presented 
in  Figure  42.  Lift-to-drag  ratio  is  plotted  versus  the  quarter  chord  sweep 
angle  of  each  canard  ^5'  ^ata  are  presented  for  both  25-  and  50-degree 
sweep  models,  The  Canards  are  located  at  P^  at  0-degree  canard  deflection. 
Also  presented  in  the  figure  are  the  corresponding  lift-to-drag  ratios  of 
the  individual  wing-bodies.  Maximum  lift-to-drag  ratio  is  lower  for  the 
canard  configurations  than  for  the  wing-body  alone  for  both  sweep  models. 
This  is  to  be  expected  since  a penalty  must  be  paid  for  the  zero  lift  drag 
increase  due  to  the  canard.  The  penalty  in  lift  to  drag  varies  from  9 
percent  to  15  percent  for  the  25-degree  wing  model  and  from  4 to  7 percent 
for  the  50-degree  model.  These  losses  in  (L/D)max  can  be  reduced  by  proper 
placement  and  deflection  which  will  be  discussed  in  following  sections.  As 
angle  of  attack  and  thus  lift  coefficient  are  increased,  the  canard  config- 
urations have  better  lift-to-drag  ratios  than  the  basic  wing-body.  The 
lift  coefficient  where  this  increase  first  occurs  is  approximately  0.7  for 
the  25-degree  wing  and  0.4  for  the  50-dagree  wing  model. 

At  low  lift  coefficients  0^5  0.6  the  loss  in  lift-to-drag  ratio  is 
clearly  a function  of  the  quarter  chord  sweep  angle  as  shown  by  the  linear 
varialton.  At  higher  lifL  coefficients  this  is  not  the  case  because  the 
amount  of  variation  with  canard  quarter  chord  sweep  angle  is  minimal  for 
the  50-degreu  wing  model.  The  canards  on  the  25-degree  model  exhibit  a 
nonlinear  behavior  with  canard  sweep  angle  at  a of  0.8  (a  "v  10  degrees), 
L/D  increased  with  decreasing  sweep  angle  up  to  A^  of  40  degrees  and  then 
decreased.  This  behavior  is  due  to  the  early  stall  of  the  25-degree  canard 
when  located  on  the  25-degree  wing  model. 

The  Improvement  in  lift-to-drag  ratio  is  due  to  a redaction  in  induced 
drag.  Using  the  definition  of  drag  as 
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Figure  43  ha h been  developed  for  the  four  canard  shapes  on  each  model  as 

well  a h each  wing-body.  The  value  of  CL  is  approximately  aero  for  each 

'0 

coni  i go  rat  ion.  At  the  value  of  0 for  (L/D)  (a  a,  4 degrees),  the  iti- 

L max 

duced  drag  factor  is  higher  than  the  basic  wing-body  for  all  configurations. 
This  is  due  to  the  unfavorable  interference  of  the  canard  on  the  wing. 

Then  the  angle  of  attack  is  increased,  the  canards  have  a lower  induced 
drag  factor  than  the  basic  wing-body.  This  reduction  occurs  at  an  angle 
of  attack  of  approximately  8 degrees.  No  strong  Influence  of  shape  on  the 
induced  drag  factor  is  seen  for  the  50-degree  wing  model. 

Shape  does  influence  the  induced  drag  on  the.  25-degree  wing.  At  low 
lift  coefficients,  the  25-degree  canard  had  the  lowest  induced  drag  and 
the  60-degree  canard  C.  the  highest.  As  angle  of  attack  is  increased,  their 
trends  were  reversed  and  the  C.^  canard  had  the  highest  induced  drag  and  the 
C.  canard  the  lowest. 

POSITION 

The  effect  of  canard  position  on  maximum  lift  to  drag  ratio  (L/D) 

max 

and  lift  to  drag  ratios  at  lift  coefficients  of  0.6  and  1.2  are  presented 
in  Figure  44.  Data  are  presented  for  both  25-  and  50-degree  sweep  models. 
Shown  for  each  canard  :1s  the  position  where  the  canard  exposed  root  trail- 
ing edge  initially  overlaps  the  exposed  wing  root  leading  edge. 

For  all  configurations  maximum  lift  to  drag  ratio  occurs  at  a position 
forward  of  the  exposed  overlap  position.  In  general  the  maximum  value  oc- 
curred at  P2>  however,  the  60-degree  delta  canard  had  a maximum  value  at  P& 
for  the  50-degree  wing  model . Lowering  the  canard  reduced  (L/D)max  except 
In  the  case  of  the  60-degree  canard  aH  mentioned  above.  A comparison  with 
data  for  the  basic  wing-body  shows  only  small  lusses  in  f°r  ear-h 

canard  If  the  canard  is  at  the  optimum  position.  These  losses  in  (L/D)max 
were  on  the  order  of  3 and  7 percent  for  the  50-  and  25-degree  sweep  models, 
respectively.  As  .Lift  coefficient  is  increased,  canard  configurations  have 
Lush  drag  than  the  basic  wing-body  for  the  50-degrue  wing  model.  Lift  to 
drag  ratio  In  still  optimised  at  positions  forward  of  the  canard  wing  over- 
lap. As  with  (L/D)  , towering  the  canard  reduced  the  lift  to  drag  ratio, 

max 
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Figure  44e  — Canards  on  25-Degree  Wing 
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At  (1^  ■ 1.2,  only  alight  changes  occur  in  the  lift-to-drag  ratio,  the  loca- 
tion for  maximum  value  of  L/D  has,  however,  moved  aft  of  the  overlap  .junc- 
ture. Lift-to-drag  ratio  at  this  (Ij  tended  to  be  lower  at  the  forward  and 
low  positions. 

The  effect  of  position  on  the  minimum  drag  coefficient  C is  presented 

°0 

in  Figure  45.  Position  has  a minimal  effect  of  C but  moving  the  canard 
and  downward  increased  minimum  drag. 

As  stated  earlier  the  major  effect  of  the  canard  on  drag  1b  to  reduce 
the  induced  drag  component  of  the  total  drag.  The  effect  of  canard  posi- 
tion on  the  induced  drag  factor  K^,  is  presented  in  Figure  46  for  the  50- 
degree  model.  The  influence  of  canard  position  on  induced  drag  is  somewhat 
dependent  on  canard  geometry.  The  60-degree  delta  canard  Cj  lias  the  small- 
est change  In  due  to  position.  Minimum  occurred  at  P 2 over  most  of 
the  angle  of  attack  range. 

Moving  the  canard  aft  increased  induced  drug.  The  three  other  canards 
show  a greater  dependence  on  canard  position.  Maximum  induced  drag  occurred 
at  the  most  forward  positions  Pj  and  P^.  Minimum  induced  drag  occurred  at 
P2  for  the  45-degree  sweep  canards  and  C2  and  P3  for  the  25-degree  canard 
C^.  For  ail  canards  lowering  the  canard  increased  the  induced  drag  factor. 

Figure  47  presents  similar  data  for  the  25-degree  wing  model.  More 
variation  of  with  position  is  evident  for  the  canards  on  the  25-degree 
wing  model  than  for  the  50-degree  wing  model.  At  low  lift  coefficients 
did  not  vary  significantly  for  the  50-degree  model,  whereas  for  the  25- 
degree  model  these  differences  are  more  evident.  At  low  C P,,  clearly  has 
a lower  Induced  drag  factor  for  all  three  canards.  As  lift  coefficient  is 
increased  the  induced  drag  fuctor  at  ?2  increases  to  larger  values  than 
those  obtained  at  Positions  3 and  6 for  the  45-  and  25-degree  canards,  C,; 
and  , and  Position  3 for  the  60-degree  canard  C^.  This  increase  in 
was  relatively  large  for  both  C2  and  indicating  a large  loss  in  effec- 
tiveness of  the  cunard  at  P2-  The  increase  in  for  the  60-degree  canard 
was  relatively  small.  Over  most  of  the  angle  of  attack  range  evaluated, 
lowering  the  canards  to  poBiLion  increased  the  induced  drag  factor. 
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Figure  47  - Induced  Drag  Factor  Variation  with  Canard 
Position  for  the  25-Degrui;  Wing 
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Figure  48  indicates  the  minimum  level  of  induced  drag  obtainable  for 
each  canard.  Tile  figure  is  a locus  of  the  minimum  induced  drag  factor 
based  on  a 1 canard  positions.  Minimum  induced  drug  Is  obtained  for  1 lie 
25-degree  canard  at  low  lift  coefficients  for  botli  research  models  regard- 
Less  of  canard  position. 

The  60-degree  canard  hud  the  highest  value  of  induced  drag  at  low  lift 

The 


coefficients  and  the  lowest  value  at  lift  coefficients  near  (C, ) 

L max 


intermediate  canards  Cq  and  have  values  between  the  25-  and  60-degree 


canards.  Thus,  for  goou  low  lift  performance  characteristics,  i.e.,  range 
and  endurance,  the  low  sweep  canard  Is  best.  When  maneuvering  capability 
is  the  dominant  design  factor,  the  highly  swept  canard  generates  the  best 
performance.  The  intermediate  canards  are  good  compromises  having  lower 
induced  drag  ’ban  the  60-degreo  delta  at  low  lift  coefficients  and  slightly 
higher  values  of  induced  drag  near  maximum  lift.  Kxniulnalion  of  the  figures 
indicates  that  while  the  range  of  Induced  drag  between  the  25-  and  60-degree 
canards  is  not  large  for  the  50-degree  sweep  model,  large  differences  in 
Induced  drag  plus  the  poor  stall  characteristics  ex:  'bited  by  the  25-degroc 
canard  preclude  its  use  on  the  25-degree  swept  wing  model. 


Ob.  l.tX'T  ION 


Positive  canard  deflections  reduce  (L/D)  significantly,  whereas 

max 


small  negative  deflection  improves  (l./D)  . Tills  behavior  is  illustrated 

ma 


in  Figure  49  which  presents  the  variation  of  lift-to-drag  ratio  versus  ca- 
nard deflection.  Data  are  presented  for  Position:-  3 and  6 for  a canard 
deflection  range  from  -it)  lu  +10  degrees  in  5-degree  increments  for  the  50- 
aegree  weep  model  and  at  - It)  and  0 degrees  for  the  24-degree  sweep  model. 

At  both  positions  und  for  all  canard  shapes,  a 10-dogroe  deflection 

The  influence  of 


causes  a loss  in  (l./D)  of  approx imatel'  40  percent 
mux 


negative  canard  deflection  on  (L/D)  varied  somewhat  with  canard  posi- 

nuix 


t Lon  nnd  shape.  For  nearly  all  configurations  on  the  50-degree  wing  model, 
a canard 


flection  of  -3  degrees  increased  (L/D)  . The  sole  exception 

max 


Lo  this  was  a slight  decrease  in  (L/D)  when  the  45-dcgrco  high  aspect 

nui  x 


ratio  canard  C,  was  at  F . 
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Figure  49  - Llft-to-Drag  Ratio  Variation 
witii  Canard  lie  fleet  ion 
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Figure  49a  - Canard  C„  on 
50-Degree  Wing 


Figure  49b  - Canard  C.  on 
50-Degree  Wing 


Figure  49  (Continued) 
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Figure  49c.  - Canard  C9  on 
50-Degree  Wing 


Figure  49d  - Canard  C_  on 
50-Degree  Wing 
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Figure  49e  - Canards  on  25-l)egree  Wing 
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l/dmax 

WING  BODY 


WING  BODY 


iii.  taat«*sUa 


A deflection  of  -10  degrees  caused  a reduction  in  (L/D)  for  all 
canards  with  the  exception  of  the  60-degree  delta  canard  L’j . On  the  25- 
degree  model,  negative  10-degree  deflection  caused  reductions  in  (L/D) 

max 

for  the  25-degree  canard  at  both  positions.  The  45-degree  high  aspecL  ratio 
canard  C,,  and  a slight  Increase  in  (L/D)mux  at  the  low  position  and  a 
decrease  at  the  high  position  Py  The  value  of  (L/D)max  was  increased  for 
both  positions  of  the  60-degree  canard  with  negative  deflections. 

With  increasing  lift  coefficient  the  effect  of  canard  deflections  be- 
comes less  dramatic.  Positive  deflections  still  cause  reduction  in  lift- 
to-drag  ratio  yet  the  magnitude  of  these  losses  is  reduced.  I, if t-to-drag 
ratio  was  Improved  by  a negative  5-degree  canard  on  the  50-degree  swept  wing 
model.  Canard  deflection  had  only  a small  effect  on  lift-to-drag  ratio  at 
maneuvering  lift  coefficients  (C^>1.0).  Slight  losses  do  occur,  however, 
due  to  positive  deflection.  Negative  deflections  had  little  effect  on  L/D 
at  CL  *1.2  on  the  50-degree  model.  Negative  deflections  had  a detrimental 
effect  on  Ilf t-to-drag  ratio  for  canards  and  C ^ on  the  25-degree  model. 

The  LLf t-to-drag  ratio  was  slightly  increased  for  the  25-degree  canard 
on  this  model. 

The  losses  In  (L/D)  anc*  L/D  occurring  at  positive  deflections  are 
due  to  an  increase  In  minimum  drag  and  an  increase  in  the  induced  drag  fac- 
tor K^.  The  slight  gain  in  L/D  occurring  at  negative  deflections  is  due  to 

a decrease  Ln  ... . The  variation  of  C with  canard  deflection  is  shown  in 

0 

Figure  50.  The  curves  are  roughly  parabolic  in  shape  and  the  minimum  value 
in  general  occurs  at  0-degrec  deflection.  The  curves,  however,  have  a 
slight  bias  in  that  the  drag  coefficient  for  negative  values  of  deflection 
Is,  In  general,  slightly  less  than  that  of  the  corresponding  positive  de- 
flection. This  bias  may  be  due  to  the  downwash  of  the  canard  when  posi- 
tively deflected  causing  an  Increase  in  drag  of  the  wing. 

the  effect  of  canard  deflection  on  the  induced  drag  factor  (Kp  is 
presented  in  Figure  51  for  deflections  of  -5,  0,  and  5 degrees  in  the  50- 
degree  sweep  mode L and  -10  and  0 degrees  for  the  25-degree  sweep  model.  As 
indicated  In  the  figure  a positive  5-degree  deflection  increases  induced 
drug  significantly  over  that  of  the  basic  wing-body  at  low  lift  coefficients. 


74 


i..M.  ft  . ~i-  , 
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Figure  50b  - Drag  for  a 25-Degree  Wing 
Figure  50  - Minimum  Drag  Variation  with  Cunard  Deflection 
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on  50-Dugree  Wing 


ED  DRAG  FACTOR 


Thu  canard  is  carry'ng  much  of  the  load  at  these  lift  coefficients  and 
thus  has  significant  Induced  drag  of  Its  own.  in  addition,  the  downwash 
from  this  liLgh  loading  is  modifying  the  load  distribution  nl  the  vying  In  an 
unfavorable  manner.  Lift  is  being  suppressed  on  the  inboard  position  of 
the  wing  causing  a nonelliptical  distribution.  With  increasing  angle  of 
attack  the  favorable  effects  of  the  canard  become  evident  and  the  induced 
drag  factor  is  less  than  that  of  the  basic  wing-body. 

A negative  5-degree  deflection  of  the  canards  reduced  the  induced  drag 
factor  to  values  below  the  basic  wing-body  and  0-degree  deflection  canard 
configurations  throughout  most  of  the  angle  of  attack  range.  Positive  de- 
flection configurations  had  higher  values  of  induced  drag  than  the  0-degree 
canard  configurations.  At  high  iift  coefficients  only  small  differences  in 
Kj  occur  for  either  positive  or  negative  deflections  when  compared  to  the 
0-degree  deflection  canard  configuration. 

Negative  10-degree  deflections  on  the  25-degree  sweep  model  reduced 
at  low  lift  coefficients.  Negative  deflection  caused  an  increase  in 
at  high  lift  coefficients  when  the  canards  were  located  at  P.^.  The  Increase 
in  did  not  occur  to  any  extent  when  the  canardB  were  located  at  the  lower 
position  nor  did  it  occur  to  t he  25-degree  sweep  canard  C^,  A possible 
explanation  of  tills  behavior  Is  that  the  canard  trailing  edge  gap  may  he 
too  lunge  and  tliUH  the  favorable  interference  effect  from  the  wing  may  be 
diminished  somewhat, 

WING  LEADING  EDGE  CHANGES 

In  the  earlier  section  on  lift,  it  was  stated  that  wing  loading  edge 
modifications  can  have  a beneficial  effect  on  aircraft  performance.  The 
increases  in  performance,  in  general,  take  the  form  of  an  Increase  In  .11ft- 
to-drng  ratio  and  increases  in  lift  and  stall  angle  of  attack.  Increases 
in  lift  and  stall  angle  of  attack  did  occur  for  the  25-degree  wing  model, 
however,  leading  edge  droop  and  radius  changes  and  little  effect  on  the 
50-degree  wing.  Leading  edge  droop  increased  lift-to-drng  ratio  for  both 
the  2^-  and  50-degree  swept  wing  models.  The  variation  in  L/l)  with  Gj  Is 
presented  in  Figure  52.  Data  are  presented  for  a -9-degrue  droop  with  and 
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Figure  52  - Effect  of  -9-Degret*  Droop  on  Lift-to- 


L/D,  UFTTODRAG  RATIO 

Figure  52a  - Drug  of  50-Degree  Wing 


HO 


Ratio 


i-DEQPEE  DROOP  PLUS  CANARD 


without  the  close-coupled  canard  Installed.  The  data  for  the  50-degree 
wing  are  based  on  the  45-degree  truncated  delta  canard  C at  0-degree  de- 
I lection  located  at  I1  , 

The  60-degree  delta  canard  , located  a P^,  was  used  for  the  23-degree 
wing.  The  data  are  for  deflection  angles  of  -10  and  0 degrees. 

Adding  the  droop  to  the  50-do.gree  wing  increased  lift-to-drug  ratio 
for  both  canard  on  and  off  configurations  throughout  the  angle  of  attack 
range  evaluated  4 < rx  <_  33  degrees.  The  incremental  change  in  l./l)  due  to 
the  addition  of  the  -9-degree  droop  is  Bhown  in  Figure  53.  At  Low  lift  co- 
efficients the  droop  improved  the  Lift-to-drng  characteristics  of  the  basic 
configuration  by  AL/IJ  n*l.. 5 or  approximately  14  percent.  The  gain  In  L/D 
for  the  canard  configuration  with  droop  was  approximately  10  percent. 

These  improvements  in  l.if t-to-drag  ratio  remained  fairly  constant  with  in- 
creasing for  the  canard  configuration  but  were  reduced  for  the  wing-body. 

The  gains  in  iif t-to-drag  ratio  due  to  the  droop  are  far  more  impres- 
sive on  the  25-degree  wing  model  than  those  .increases  noted  for  the  50- 
duftree  model.  Maximum  1 if t-to-drag  rutio  was  increased  from  12.5  to  14.8 
when  the  droop  was  installed.  The  value  of  lift  coefficient  where  (L/D) 

max 

occurred  was  increased  for  C.  from  0.3  to  0,54. 

The  amount  of  increase  in  L/D  due  to  the  droop  of  the  canard  config- 
uration was  dependent  on  the  canard  deflection  angle  as  can  be  seen  In 
Figure  53  which  presents  the  change  Ln  L/D  due  to  the  droop  for  the.  three, 
configurations.  As  shown,  the  gains  in  L/D  exhibited  by  the  -10-degree 
canard  configuration  are  Himilur  In  shape  and  magnitude  to  those  of  the 
basic  wing-body.  The  zero  degree  canard  configuration  duta  bus  the  same 
general  shape  ns  that  of  the  -10-degree  canard  configuration  but  the  mag- 
nitude of  the  Increase  is  significant Ly  smaller.  A possible  explanation 
fnr  these  differences  Is  that  the  combination  of  the  droop  and  downwash 
from  the  canard  are  having  a detrimental  effect  on  the  Improved  flow  cre- 
ated by  the  droop.  Similar  results  were  seen  on  the  F-4  when  tins  Inboard 
slat  and  canard  were  both  Installed.  Deflecting  the  canard  negatively, 


however,  will  not  change  the  wing  flow  significantly  at  low  angles  of  at- 
tack— hence,  the  similarity  of  improvements  in  lift-to-drag  ratio  for  the 
basic  wing-body  and  the  -10-degree  canard  configuration. 

Thus  it  appears  that  it  is  possible  to  overdo  the  canard  interference 
at  low  angles  of  attack  and  the  full  performance  potential  of  the  canard 
wing  Interaction  will  not  be  attained. 

FLOW  VISUALIZATION 

The  previous  discussion  presented  in  this  volume  has  been  based  pri- 
marily on  force  and  moment  data.  A limited  amount  of  flow  visualization 
data  has  also  been  obtained  on  the  50-degree  sweep  model  in  the  angle  of 
attack  range  between  0 and  20  degrees.  Tufts  were  installed  on  canards 
and  wing  nr.d  photographed  with  a motion  picture  camera.  Results  from  these 
motion  pictures,  at  angles  of  attack  of  10,  15,  and  20  degrees,  are  shown 
in  the  accompanying  figures.  The  canards  were,  in  general,  located  at  P^. 

Sketches  of  the  tuft  directions  for  the  basic  50-degree  wing  with 
canard  off  are  shown  in  Figure  54  for  a “ 10,  15,  and  20  degrees.  At  10 
degrees  the  basic  wing  has  a region  of  flow  near  the  body  where  the  tufts 
are  in  the  streamwise  direction  (unseparated)  and  a leading  edge  vortex 
which  starts  off  the  body.  Increasing  the  angle  of  attack  to  15  degrees 
reduces  the  streamwise  flow  area  and  causes  the  wing  leading  edge  vortex 
to  break  down  at  approximately  half  the  semispan.  The  outboard  portion  of 
the  wing  is  stalled.  At  20-degree  angle  of  attack  the  region  of  streamwise 
flow  is  very  small  and  most  of  the  surface  of  the  wing  is  in  reverse  flow. 

The  primary  influence  of  the  canard  is  to  increase  the  area  of  stream- 
wise  flow  (unseparated)  and  move  the  point  where  the  wing  leading  edge  vor- 
tex begins  outward.  This  increase  in  unseparated  flow  is  seen  in  Figure  55. 
Figure  55a  showB  the  boundaries  of  unseparated  flov  for  the  60-degree  canard 
located  at  Pg,  Data  are  shown  for  canard  deflection  angles  of  -10,  0,  and 
10  degrees.  Also  shown  on  the  figure  are  the  corresponding  boundaries  for 
the  basic  wing-body.  As  indicated,  the  area  of  unseparated  flow  is  greatly 
increased  when  the  canard  is  installed;  in  addition,  the  vortex  initiation 
point  is  moved  outward.  The  line  of  flow  is  approximately  at  the  location 


84 


Figure  55  - Effect  of  Canard  on  Unseparated  Flow  Region 


Figure  55b  - Canard  C_  at  Position 


of  the  canard  tip  for  deflections  of  0 and  10  degrees.  Negative  deflec- 
tions moved  tills  location  inboard,  whereas  a positive  deflection  moved  the 
line  outboard.  The  region  of  unseparated  flow  is  relatively  constant  with 
angle  of  attack  for  Lhe  60-degree  canard. 

The  same  trend  with  deflection  occurred  for  the  45-degree  high  aspect 
ratio  canard  C ^ and  the  25-degree  canard  as  seen  in  Figures  55b  and  55c. 
The  separation  point  is,  again,  at  approximately  the  canard  tip  but  moves 
rapidly  inboard  with  angle  of  attack.  Both  of  these  canards  exhibited  early 
stall  on  the  upper  surface  and  the  region  of  unseparated  flow  tended  to  move 
inboard  as  the  canard  stall  progressed  towards  the  root.  The  60-degree 
delta  canard  did  not  exhibit  any  pronounced  stall  and  the  region  of  unsepa- 
rated flow  did  not  change  to  any  great  extent. 

A comparison  oi  the  three  canards  at  zero-degree  deflection  Is  shown 
in  Figure  56.  At  10-degree  angle  of  attack  the  largest  region  of  unsepa- 
rated flow  is  due  to  the  25-degree  canard  with  the  60-degree  canard  having 
the  smallest  region.  At  15  degrees  there  is  little  difference  between  the 
3 canards.  At  20  degrees  the  60-degree  canard  had  the  greatest  influence 
on  Increasing  the  area  of  unseparated  flow. 

The  60-degree  canard  was  also  evaluated  at  P,^.  Data  from  are  com- 
pared with  data  at  in  Figure  57.  Moving  the  canard  upward  and  forward 
to  P2  moved  the  vortex  initiation  point  inwards,  however,  the  surface  area 
of  unseparated  flow  is  relatively  unchanged. 

The  limited  flow  data  are  in  agreement  with  the  results  obtained  from 
the  force  data  In  that  the  effectiveness  of  the  higher  aspect  ratio  canards 
declines  with  increasing  angle  of  attack,  and  that  the  60-degree  canard 
has  only  minimal  Loss  in  effectiveness  with  increasing  angle  of  attack. 

SUMMARY 

In  the  preceding  analysis  it  will  be  noted  that  the  presence  of  a 
close-coupled  canard  modifies  the  aerodynamic  characteristics  of  the  basic 
wing-body  on  which  It  is  mounted.  These  changes,  which  are  due  to  favor- 
able interference,  occur  regardless  of  canard  shape,  size,  position,  or 
wing  planform.  The  aerodynamic  changes  consist  primarily  oF  an  increase  in 
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stall  angle  of  attack  and  maximum  lift  coefficient,  and  a decrease  in  drag 
at  angles  of  attack  greater  than  approximately  8 degrees.  The  extent  to 
which  these  aerodynamic  improvements  occur  is  a function  of  -anard  size, 
shape,  position,  and  deflection.  A summary  of  the  effects  of  'he  abnv  . 
parameters  is  given  below: 

SIZE 

1.  Changes  in  lift  and  pitching  moment  at  low-to-moderate  angles  of 

attack  (a  20)  are  proportional  to  canard  exposed  area  ratio  S / S and 

e 

exposed  volume  coefficient  S /S  /c,  respectively,  for  canards  of  geo- 

e 

metrically  similar  planform. 

2.  Neutral  point  shift  at  low  angles  of  attack  is  proportional  to 
exposed  volume  coefficient. 

3.  Incremental  changes  in  lift-to-drag  ratio  are  proportional  to 
canard  exposed  area  ratio. 

SHAPE 

1.  Lift  is  maximized  by  high  sweep  canardB  X ^ 60  degrees. 

2.  The  incremental  moment  characteristics  of  each  canard  shape  were 
similar  in  shape  and  magnitude  to  the  isolated  characteristics  of  each 
canard. 

3.  At  low  lift  coefficients,  incremental  changes  in  lift-to-drag  ratio 
are  proportional  to  the  quarter  chord  sweep  angle  of  the  canard  for  canards 
of  equal  exposed  area. 

4.  Induced  drag  factor  is  reduced  by  the  canar'1 

5.  Induced  drag  factor  was  lowest  for  low  sweep  canards  at  low  lift 
coefficients  and  highest  at  high  lift  coefficients.  High  sweep  canards 
exhibit  opposite  trends. 

POSITION 

1.  Moving  the  canard  longitudinally  forward  and  downward  reduces 
maximum  lift  increments. 

2.  Maximum  lift  increments  occur  when  the  canard  exposed  root  trail- 
ing edge  la  slightly  forward  of  the  exposed  wing  root  leading  edge. 
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3.  At  low  lift  coeff icients,  moving  the  canard  forward  increases 
Incremental  moment.  Maximum  incremental  moments,  in  general,  occur  at  the 
same  position  where  maximum  lift  occurs. 

3(ACm) 

4.  At  low  angles  of  attack,  Incremental  pitching  slope  ^ — 1«  a 

linear  function  of  isolated  canard  lift  curve  slope  multiplied  by  the  ca- 
nard exposed  volume  coefficient. 

5.  Lift-to-drag  ratio  was  maximized  at  the  same  location  where  lift 
was  maximized. 

6.  Moving  the  canard  forward  and  downward  Increased  minimum  drag. 

DEFLECTION 

1.  Neither  positive  nor  negative  deflections  of  the  canard  have  any 
significant  effect  on  lift  if  the  gap  between  canard  trailing  edge  and  wing 
surface  divided  by  canard  span  is  greater  than  0.1.  Reducing  this  gap  ratio 
by  positive  canard  deflection  caused  large  reductions  in  maximum  lift. 

2.  Similar  reductions  in  incremental  moment  occurred  if  the  gap  was 
reduced.  The  reductions  in  incremental  moment  were  not  as  correspondingly 
large  as  the  reductions  In  lift.  These  characteristics  indicate  a loss  of 
effectiveness  of  the  canard  on  delaying  wing  stall. 

3.  Positive  deflections  cause  a large  increase  in  drag  and  a reduc- 
tion in  maximum  iift-to-Jrag  ratio. 

4.  The  increase  in  drag  with  positive  deflection  is  dur  to  an  increase 
in  minimum  drag  and  in  the  induced  drag  factor. 

5.  Small  negative  deflections  (6  ~ -5)  can  increase  maximum  lift-to- 

drag  ratio  and  reduce  the  induced  drag  factor  when  compared  with  zero- 
degree  deflection  configurations. 

6.  The  gains  or  penalties  in  lift-to-drag  ratio  at  large  lift  coeffi- 
cients Cj  1«0  are  small  for  either  positive  or  negative  deflections. 

WING  LEADING  EDGE  CHANGES 

1.  Increasing  the  canard-off  stall  characteristics  of  the  25-degree 
wing  by  4 degrees,  delayed  the  favorable  influence  of  the  canard  by  a simi- 
lar amount.  Maximum  incremental  lift  due  to  the  canard  was  the  same  for 
both  basic  and  improved  configurations. 
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2.  Incremental  improvements  in  lift-to-drag  ratio  due  to  installation 
of  a -9-degree  droop  were  approximately  the  same  for  both  canard  on  and  off 
configurations  of  the  50-degree  wing. 

3.  A similar  -9-degree  droop  on  the  25-degree  wing  model  required  a 
-10-degree  canard  setting  to  obtain  the  incremental  improvement  due  to  the 
droop. 

4.  Neither  droops  nor  wing  leading  radii  change  significantly  modi- 
fied the  benefits  in  lift,  drag,  or  pitching  moments  due  to  the  canard. 
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APPENDIX 
MODK I,  GEOMETRY 


The  data  presented  in  tills  report  are  based  on  two  research  models. 

The  models  consist  of  steel  wings  and  a steel  central  core.  Fuselages  are 
wooden  fairings  surrounding  the  central  core.  The  canards  and  horizontal 
tail  are  wood  and  fiberglass  fairings  built  up  around  a steel  spar.  Attach- 
ment of  the  canards  and  horizontal  tail  is  provided  by  steel  plates  flush 
with  the  fuselage.  Seven  canard  and  three  horizontal  tail  mounting  posi- 
tions are  provided.  Each  canard  can  be  rotated  through  a deflection  range 
from  -10  to  +25  degrees  in  5-degree  increments.  Horizontal  tail  deflection 
range  is  from  -25  to  +10  degrees.  Rotation  point  for  both  canards  and  hori- 
zontal tail  is  40  percent  of  the  exposed  surface  root  chord.  Moment  refer- 
ence point  for  both  research  models  is  0.27  c. 

Detailed  dimensions  of  the  wings  are  given  in  Table  1.  Table  2 pre- 
sents dimensions  of  the  four  canards.  Figure  58  shows  the  common  fuselage 
shape  for  both  models.  Wing  planform  geometries  are  given  in  Figure  59. 
Canard  geometry  is  given  in  Figure  60.  Canard  locations  are  presented  in 
Figure  61.  A photograph  of  the  various  model  components  is  shown  in 
Figure  62. 


TABLE  1 - GEOMETRIC  CHARACTERISTICS  OF  THE  WINGS 


W J ( A = 50  Degrees) 

W2(A  = 25  Degrees) 

Airfoil  Section  (NACA) 

* 

64A008 

Projected  Area,  square  inches 

304 

295 

Span,  inches 

35.50 

42.00 

Chord,  inches 

Root  (centerline) 

15.38 

12.20 

Tip 

1.90 

1.90 

Mean  Aerodynamic  Chord,  inches 

Length 

10.30 

8.30 

Spanwise  Location  from 

6.70 

7.90 

Body  Centerline 

Aspect  Ratio 

4.15 

6.00 

Taper  Ratio 

0.12 

0.16 

Sweepback  Angle,  degrees 

Leading  Edge 

50.0 

25.0 

Quarter  Chord 

45.5 

20.0 

Trailing  Edge 

23.5 

-1.5 

Incidence  Angle,  degrees 

0 

0 

IHhedral  Angle,  degrees 

0 

0 

Twist  Angle,  degrees 

0 

0 

*64A008  Airfoil  Bwept  25  degrees  around  0.27c  chord  line. 


TABLE  2 - GEOMETRIC  CHARACTERISTICS  OF  THE  CANARDS 


ro 

C1 

r 

2 

s 

A i r lo  i 1 Sec t i on  ( NACA ) 

64A00H 

64A006 

64A008 

64AOOH 

Exposed  Area,  square  inches 

39.8 

39.8 

47.2 

4 9.3 

Projected  Area,  square  Inches 

76.0 

89.5 

76.0 

76.0 

Exposed  Semi-Span,  inches 

5.  74 

4.79 

7.60 

7.60 

Total.  Span,  inches 

Chord,  inches 

16.28 

14.38 

20.00 

20.00 

Root  (centerline) 

8.73 

12.45 

6.70 

6.12 

Root  (exposed) 

6.33 

8.30 

5.31 

5.00 

Tip 

0.  39 

0 

0.90 

1 . 48 

Aspect  Ratio 

3.50 

2. 31 

5.26 

5.26 

Taper  Ratio 

Sweepback  Angie,  degrees 

0.07 

0 

0.13 

0.  24 

Leading  Edge 

45 

60 

45 

2 5 

Trailing  Edge 

0 

0 

22.8 

0 

Dihedral  Angle,  degrees 

0 

0 

0 

0 

(a)  Top  View 


SECTION  A A 

ALL  DIMENSIONS  ARE  IN  INCHES  (CENTIMETERS) 


WIDTH  - 4. 76  (12.06);  HEIGHT  = 4.16  (10.64) 
UPPER  CORNER  RADIUS  ■=  1 00  (2.54) 
LOWER  CORNER  RADIUS  * 0.26  (0.64) 


Figure  61  - Canard  Pivot  Locations 


I’  I^uri-  fi2  - Wind  Tunny  1 Mink*  I (’omponcul  h 
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